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Titration
For titration, solutions containing the guest (2.0 mM) and host (46.6 mM) were prepared and 0.5 mL of guest solution was measured into an NMR tube. Guest was titrated by 2.5 or 5.0 μ doses of host solution. Both 1 H-and 19 F-NMR spectra were recorded.
Titration of 3 with 5
Concentration of guest (3) 
Titration of 4 with 6
Concentration of guest (4) is presumed to remain constant during titration. 
S6
Enantiomeric Excess Measurements
For ee determination studies, solutions of racemic 3 and S-3 (as well as 4 and S-4) were made (2.0 mM). Mixtures of enantiomerically enriched samples were prepared in an NMR tube (0.5 mL, 1.0 eq), CSA added (22.5 μ, 46.6 mM, 1.0 eq) and spectra recorded. 
Enantiomeric Excess Measurements of
3 with 5
Resolution of racemic carboxylic acids
For chiral recognition ability determination study of racemic carboxylic acids, solutions of different racemic carboxylic acids (n-Bu4N salts of carboxylic acids in the case of 6) were prepared (2.0 mM). Experiment was performed by adding 22.5 μ of solution containing host (46.6 mM, 1.0 eq) to NMR tube containing 0.5 mL of guest (2.0 mM, 1.0 eq) and recording the spectra. 
S8
Separation of Carboxylic Acids with 5
Separation of Carboxylic Acid n-Bu4N Salts with 6
(a) (b) Figure S18 . (a) HSQC and (b) NOESY of 14b in the presence of 6. Table S8 . Determination of magnitude of non-equivalences (Δδ) of five racemic carboxylic acid n-Bu4N salts in the presence of 6, using 1 H-NMR (500 MHz) in CDCl3 at 27 °C. 
No. n-Bu4N Salt of Racemic Carboxylic Acid
Actual Multiplet Spectra Δδ 10b Me d - - H q - - 11b Me d 0.0041 S11
Modified RES-TOCSY, A Phase Sensitive Version
Recently, Lokesh et al., reported new homonuclear 2D technique, RES-TOCSY [1] , for obtaining improved separation of enantiomer spectra when chiral resolving agents are utilized. RES-TOCSY is based on homonuclear decoupling in f1-dimension for selectively excited protons and for the whole coupled homonuclear spin system. Homonuclear decoupling is achieved by applying selective refocusing pulse followed by non-selective 180° pulse in between t1-period. The net effect is thus 0° pulse for selected protons and 180° pulse for other protons leading to homonuclear decoupling for the selected protons (and thus collapse of the multiplets into a single lines in f1-dimension) while retaining chemical shift evolution of the selected protons. Subsequent TOCSY-period transfers the magnetization through entire coupled homonuclear spin system. The original RES-TOCSY is a S13 magnitude mode experiment with two selective pulses (90° and 180°) and the coherence selection is performed by phase cycling. The modified RES-TOCSY pulse sequence utilized in this work is presented in Figure S19 and pulse sequence code in Varian syntax is shown in the end of this section. The presented pulse sequence is actually a simplified BASHD-TOCSY [2, 3] where a single selective 180° pulse flanked by pulsed field gradient of opposite amplitudes is applied, followed by a non-selective 180° pulse in the middle of t1-period. Gradients with opposite polarities (g1) label the desired magnetization and, as with original RES-TOCSY, the net effect of the two pulses allows selective homonuclear decoupling in f1-dimesion. After t1-period TOCSY transfers the magnetization throughout the spin system and finally magnetization with gradient encoding is refocused during spin-echo period prior to the acquisition (AQ). Phase sensitive data is obtained with echo-anti echo method, where N-and P-type coherences are recorded separately by inverting the polarity of the refocusing gradient g2. Since all signals in the f1-dimension of the resulting spectrum are originating from the excitation bandwidth of the selective pulse, it is possible to utilize small spectral width in the indirectly detected dimension. (tr1 and tr2) . Pulsed field gradients are represented by rectangles marked with g1 and g2. Delay t1 represents incremented delay while delays τ1 and τ 2 include gradient pulse duration and following eddy current recovery delay. Phase cycle: ϕ1 = y, −y; ϕ2 = x, x, y, y; ϕ3 = x, x, x, x, y, y, y, y; ϕ4 = x, −x; ϕ5 = x; ϕR = x, −x, −x, x, −x, x, x, −x. The N-and P-type coherences are separately recorded by inverting the sign of the gradient g2. Axial peak displacement is obtained using States-TPPI method [5] by inverting the phases ϕ1 and ϕR on every second increment. Figure S18 show expansion of 2D spectrum recorded with pulse sequence presented in Figure S19 from 2.0 mM racemic N-acetyl-phenylalanine sample doped with CSA 5 with 1:1 host:guest ratio in CDCl3. The selective 180° pulse was applied at enantiomeric resonances at 4.67 ppm. The separation between the enantiomers Δδ = 6.1 Hz for the selectively inverted proton is present in each expansion (TOCSY transfer). Due to homonuclear decoupling, multiplets collapse into single lines in f1-dimension and thus allow good separation of the enantiomeric signals. Obviously, if the CSA induced Δδ between the enantiomer signals is of same magnitude as natural line width, baseline separation is naturally not possible even with homonuclear decoupling. Figure S21 shows expansion of the modified RES-TOCSY spectrum recorded from 2.0 mM ketoprofen sample doped with the same CSA as well as f2-traces extracted from locations marked by arrows. Since Δδ and linewidth in f1-dimension are of similar magnitude (~2.0 Hz), some cross talk between the traces is unavoidable. The data in Figure S19 was acquired by selectively inverting multiplet region at 1.55 ppm. Other acquisition and processing parameters were identical to data presented in Figure S20 .
The results by Lokesh et al. [1] , suggested the possibility to utilize 2D RES-TOCSY to actually estimate ee% values with good accuracy. Obviously, in order to obtain reliable results, there should not be significant differences in host-guest association constants between the enantiomers. Such big differences could easily result in a significant difference also in transverse relaxation times, T2 (i.e., one enantiomer has significantly shorter T2 than the other due to stronger interaction with the host), and thus the corresponding magnetization experiences more attenuation during the pulse sequence S14 (relatively long selective pulses as well as TOCSY mixing emphasize this). This would lead to an underestimation of the corresponding enantiomer signal and thus erroneous ee%. The aforementioned result could be the most pronounced when the chiral auxiliary is a very large molecule or polymer. Then, depending on the differences in association constant, the molecular mobilities can be very different, leading to differences in T2. For small auxiliaries and relatively weak association, this is likely not a major problem. One could speculate that, if a significant difference appears in line the widths of relevant signals, RES-TOCSY-based method cannot be reliably utilized for ee% determination. In general, one may assume only small differences in quantitation affecting NMR properties (relaxation times, coupling constants) of enantiomer signals when chiral auxiliaries are used. Provided coupling constants (heteronuclear, homonuclear), relaxation times (T1, T2) or internuclear distances remain essentially the same in both resolved enantiomers, rather many classic 2D NMR methods can be used for ee% determination, at least at a semi quantitative level. The duration for hard rectangular 1 H 90° pulse was 7.1 μs. The pulses in MLEV-17 TOCSY-period were applied at RF-power of 7.7 kHz. Durations for trim pulses were 1.0 ms (tr1) and 1.6 ms (tr2). TOCSY mixing time was 60 ms. RE-BURP shape 6 was used for multiplet selective refocusing pulse of duration 97.5 ms, corresponding excitation bandwidth of 50 Hz. Selective pulse was applied at protons resonating at 4.67 ppm. Gradient strengths (durations) were: g1 = 5.0 G/cm (1.0 ms), and g2 −5.0 G/cm (2.0 ms). All the gradients were block shaped. The data was apodized using gaussian functions in both dimensions (1. 
